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ER-71 Impressive in
By Robert R. Ropelawski

senle AFB, Calif. —Continued improvements to aircraft
svatems as well as reconnaissance and electronic warfare
;-:Lbsystems in the U.S. Air ForcesLockheed SR-71 are
kceping that aircraft a viable ard survivable strategic
reconnaissance platform after more than 16 years in
service.

The SR-T1 remains unmatched in its sustained speed
and altitude performance despite its aging subsysiems and
the heavy workload imposed on the crews who operate the
Mach 3-plus aircraft. Eiforts are under way to update the
R-717s Aighr controls and displays with newer techuolo-
v that will impeove reliability and reduce crew work-
load.
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of the SR-71 were experienced first-hand by this Avia
TION WEEK & SPACE TECHNOLOGY pilot in 8 recent {light
in the aircraft with the Ist Strategic Reconnaissance
Sqdn. of the Sth Strategic ¢ Reconnaissance Wing here a1
Beale AFB. The dight was preceded by two days of
briefings and preparation, including a full day in both the
front and rear cockpits of an SR-71 simulator,

it was b‘,;eiy enough preparation. The umqr.e high
speed, high aliizude, hlgn temperatyre environment in
which the SR-71 operaiss makes for preflight, in-Right
and post-fiight procedures that are more }ength’ and
complex than any other aircralt in the Free World inven-
tory. Special life-sustaining support systems are essentia
before, during and after every ﬁ;gm, and pormal and
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Air Force-Lockheed SR-71 strategic reconnaissance aircraft lifts off nin-
way (balow right) at Beale AF3S, Calif,, afterburners lit, at start of the
AviaTiON WesK & Seace TecHnOLoGY evaluation flight. The SR-71 staris
pullup (above ket after low pass following the evaluation flight, and at top _ o
the SR-71 acceierates. Larga drag chuts {above right) slows the aircraft L ' -
gher landing. Chute is deployed on touchdown.
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‘BSR-T1 miots apd reconnaissance systems
operators (RSQ) are thicker than any
aircrzft checklist | bave seen in the past.

Despite this, the SR-TE makes Jight at

fach 3 and 80.000 fr seem easy. It was
not until 1976, in fact~-roore than 10
years after the SR-71 entered service--
that 9th Strategic Reconnaissance Wing
crews from Beale set world absolute and
world class speed and altitude records of
2,1%9 mph. and 86,000 fu in borizontal
flight {awasT Aug. 2, 1976, p. 27). These
records still stand.

Crew preparations for the A\']ATIO\'
\Jamc demonsiration flight be-

uons.

We were then transported by van to the
au‘cmﬁ, with hoses available in the van for
cooling the inside of the suit. For the
transition from the van to the aircraflt,
portable cooling units wers carried.

Each SR-71 is kept in its own individual
shelter at Beale, and all prefiight checks
and engine startup are accomplished in the
shelter.

The shelter foor bencath the aireraft
was covered with fuel, and it Howed at
some points to other areas of the hangar.
The SR-71 bas six fuel tanks in its fuse-

gan more than threc hours
bcforc the fight with a high-
protein breakfast of steak and
ezgs in the Physiological Sup-
port Div. dining room, which is
maintzined specifically to meet
the special requirements of the
SR-7t and U-2 missions.

Mission Simulation

The day before the flight,
typical missions were flown
from both the front and rear
cockpits in the SR-71 simula-
tor, under the supervision of
Maj. B.C. Thomas and Maj.
William Keller —instructor pi-
lot and instructor RSO, respec-
tively, in the simulater and the
SR-71.

There are no flight controls
p’r s¢ in the rear cockpit of the

tandard SR-7T1A, altbough the
RSO can control the horizontal
flight path of the aircrait
through the astro-inertial navi-
gaton system

Neither the layou! nor im-
strumantation in either cockpit
is particularly exotic. A possi-
bla excention is the navigation '
system controls in thr.. rear and
the instrumentation in the front
eockpit for monitoring 2nd con-
trolling the aireralt’s center of
gravity and the engine inlet and
cxhausi systems that provide
much of the aircraft’s cruise
thrust.

B. C. Thomas, who had pro-
vided front cockpit simalater instruction,
“was the pilot for the demmonstration fHight,
while 1 cecupied the RSO pasition in the
rzar cockpit.

About 1.5 hr. before takeolf, we wen
through a briel physical examination,
ing iu-,mg temiperaiers and biood pressure
chevks {stonddard procedurs beiore each
SR-T1 mission). then began suiting op in
full-pressure seits
Twi men are nocded to assist the crew-
nercbers i donning this suit. and this
JVICS Wil \':mvsdu. by personnzi from
¢ 91l SRW's Physiciogicat Support Dw
3'c ,r rocess took aboot 20 min., including
check of the prossurizarion, brea‘h-
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SR-71 instructor piiot Maj. B. C. Thomas, teft, and Avianion Week s
Seace TecHnowoGr Los Angeles buraau chief Robeart R. Ropelewski
discuss characteristics of the SR-71 after the evaluation flight.

lage and wings, but there are no internal
fuel bladders as such and the skin of the
aircraft serves as the onter wall of the
tanks.

Because of airframe expansion and con-
traction associated with heating of the
SR-7Us skin at high Mazch flight and
subsequent ground coeoling, it is impossible
10 heep the fuel tanks s.,ah.d fawast June
16, 1930, p. 166} As a result, the 1anks
feak T;rmus"!‘- nn the ground, lesving a
farge pool of {ue! beneath and atound The
gireraft. “[Us cnough to pive a safery
otficer 2 heart atiack the first time he sees
this,” Thomas szid as we walked around

the alreraft.

RDP90B00170R000100050009-0 Besause of the fire risks witk standard

tacls under these conditions, JP-7 fyq
with a high fash point is used in t(he
SR-7L.

Trere is no evaporation with JP-7, 4.,
a Jighted match can be dwppgd in
without igniting it.

Strapping inzo the cockpit of the SR.1
with 2 full pressure suit is a2 cumbersore
process, and Physiological Suppert Div
personnel routinely accompany crewoern-
bers to assist in this. Once in, we sealed
cur helmets and began breathing 10073
oxygen.

Standard practice in the SR-71 is 1o
breathe pure oxygen for ag
leust 30.min. prior to takeof to
eliminate nitrogen in the bady,
thus reducing the possibility of
decompression sickncss at alti-
tude. SR-7] crews normally try
to be in the aircraft 50-55 min.
before their scheduled takeod
time, with the engines staned
gbout 40 min. prior to takeoff.

Cockpit Entered

Our installation in the eock-
pit was one of the final sfeps in
a process that had begun hoers
before for the various support
persennel associated with (he
aircraft. For a typical opera-
tioaal mission, the process be-
gins af least a day zhead. An
18-24-hr. lead time is normally
needed to identify, prepare and
install the reconnaissance sca-
sors that will be used on a
particular mission.

In addition, 4 mission tape is
cut to be instalied the day
before the mission in the air-
craft’s astro-inertial navigation
system. The tape provides navi-
gation commands to the SR-
71's autopilot during the flight
and sutomatically starts and
stops sensors and thelr record-
ers when the aircraft approach-

and passes the ground posi-
tmns deszgnaled for rcconnau—
sance.

With scnsors installed and
the navigation system pro-
gramed, mission payload spe-
cialists then begin a checkout of the sys-
temn about 2.5 hr. before Bight. Shonly
after this, Physiological Support Div. per-
‘sonnel begin their own checkaut of envi-
ronmenta! control and life support sys-
temns.

Bezcause of the environmental extremes
in which the SR-71 operates, a very thick,
specially developed oil is used in the air-
eraft’s Pratt & Whitney J58 engines.
When temperatures drop below 30C
{38F). the oil is almnost 3 solid and must be
preheated o 30C befure the engines can
be siarted. Wormally, ihis takes about !
br. for cach 10 deg. the ofl maust be heared.
Special ground cants are required for this
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Air Fomer‘l.ocl—theedr—sﬁ-?la dual c;mtrcl trainer varsion of the SR-71 sirategic reconnaissance aircraft refuals from a Boeing KC-135 tanker
during a training mission over the northwesiern U, S. SR-718 s seen below through KC-135 boom operator’'s viewport as it takes o fust
fram the tanker through tha refueling boom plugged into the 8R-71 behind tha rear cockpit.

soneglos

or Release 2011/09/27 * ClA-RDPSGB001 70R000100050000-0

e e e b saxee . hies 4% 4O 4

7 "Approved F



+

! Approved For Release 2011/09/27 : CIA-RDP90B00170R000100050008-0 = ustit getting an indication that the

chmbed 1nto the aircraft because the tem-
perature was about 15C (60F).

Prestart checks in both eockpits took 13
min. Because of the high flash point of
JP-7 fuel, normal igniters are incapable of
igniting it

Instead, a small amount of triethyl
borane {TEB) is injected into the engine
combustion chamhbers using 2n air turbine
starter plugged into the bottom of each
engine nacelle once engine rpm. has built
up. The triethy! borane ignites on contact
with the JP-7 and causes the fuel to ignite
as well.

The TEB alser is used for cach after-
borner tgnition and for engime air starts
{AwasTt May 10, 1976, p. 93).

Once the first engine was started, it was
necessary 1o wait 2 min. to insure that the
cagine's hydraulics were vperating proper-
ly before any hydraulicaily actuated sys-
tems or flight controls could be uperated,
Controls were then checked and the sec-
ond engine was started. Additional check-
list items took another 15 min. before we
were ready to taxi.

Braka Malfunction

As the aircraft roli=d ont, Thomas
applied the brakes only o find that the
pedals went to the ficor with no brake
response. A quick recycling of the hydrau-
lic system selector switch in the {ront
cockpit brought pressure, however, and we
continued taxiing toward the runway.

Our fight plan called {or an unrefucied
misston that took ws from central Califor-
nia over Novada and Idaho, then back
across Idaho and over Oregon before
returning to Beale.

Although it was partly cloudy as ws
taxivd to the runway, | selected the astro-
navigation function on the astro-inertisl
navigation system in the rear cockpit
Withia a few seconds, a3 white star ihumi-
natzd on the mode selector buiton, indicat-
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tracking at least three stars in its prepro-
gramed catalog of 52 stars,

A chronometer in the pavigation system
is programed with the day of the vear and
the time of the day, accurate 1o 5 millisec..
and thus knows which stars to look for
from any location and at any given time.
A star tracker mounted on gimbals takes
periodic sightings that are then fod into a
digita] computer to correet the afreraft’s
position as determined by the system's
inertial reference unit,

The navigation system, mounted in a
space in the epper {usclage just bekind the
RSO’s cockpit, thus provides the recon-
naissance aircrafl with precise navigation
withoot relving on any esiernal radio
emission. Had clouds prevented the siar
tracker from getting an accurate fix while
we were stili on the ground, the inertial
system would bave continued to provide
navigation guidance until we were above
the clouds and star tracking was possible.

Remaining ftems on the takeoff check-
list were completed in the run-up area
beside the runway, Thomas heid the
brakes and ran the throtties up to military
power (maximum powsr without after-
burner} on one engine at a time for an
engine trirn check. Unlike irost other tur-
bine eagines, the Pratt & Whitney J38
can be trimmed from the cockpit of the
aircraft —either aatomatically or manual-
iy.

With the trim switches in the automatic
position during the run-up, Thomas moni-
tared the exhanst gas temperature/rpm,
reiationship on each enging 10 insure that
it conformed with the figures on his check-
list. EGT was monitored throughoui the
fiiabt to make sure there was no signifi-
cant variation between the two engines.

Cnce this and the renmining checkiist
items were completed, we taxied onto the
departure runway. Thomas advanced the
throtties to military power but held the
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SR-71 touches down at Baaie AFS jor a touch-and-go landing durng the Avianion Wesx & Serace TecuwoLogy demonstration fight. AY typieai
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movable inlet guide vanes on the J3%s had
shiftzd from the axial (full apen) positien
to the cambered position {partially closed,
to turr incoming airstrcam at the com-
pressor face). He then released the brakes
ard pushed the throttles inte the alter-
bamer raage. The left burmer ignited
about one-half sec. ahead of the right one,
resuiting in 3 snap to the right, noticeable
in the cockpit. An ignition Jag of up o §
sec. Is acceptable between the two aflter-
burners.

Aircraft weight at that point was in
excess of 100000 1b., fecluding about
50,000 1b. of fuel. With the two J53
engines preducing a combined towal of
about 68,000 ib. thrust, the aircraft accel-
crated guickly. At 180 kt., Thomas raised
the mose of the aircraft to a dack angle of
about 15 deg., and the SR-71 lifted off at
about 210 ki, after a takeoff roll thai took
about 20 sec. and covered approximately
4,300 ft.

Landing Gear Limitation

The SR-71 has a2 300-kt. landing gear
extension limitation, and the airfraft
recaches that speed quickly after Hitoff.
The landing gear retraction cycle, on the
other hand, seoms to be ratber slow, surae-
times necessitating a power reduction to
keep the airspeed below 300 kt. until all
gear uaits are retracted fully.

¥ had experienced this in the simulator
the previous day. Thomas faced the same
probiem oz takeoff in the aircrafi, and he
was just about to reduce power as the
airspeed nudged 300 kt., when the landing
gear finally gave a full-up indication.

Although an aerial refucling was not
inchuled in our flight, we leveled off at

- 25,000 N1 as if we were going to refuel

from a tanker. Al 400 kt. equivalent air-
speed (KEAS) the climb to 25,000 f1. was
accomplished quickly, with the aircraft
climbing at a rate of approximately 10,000

o —

fanding walghts such as the aircraft was at in this pholo, landing spead is ganerally around 150155 ki,
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fpm. We leveied ofl at that afutude, hold-
ing 400 ke,

While we waited for clearance to a
higher altitude, Thomas pulsed the con-
trols with the stabilily augmentation sys-
tern (SAS) on and ofl” Pitch, roll and yaw
osciliations were damgened almost imaoie-
diately with the SAS on, and the aircraft
showed no unfavorable tendency to
diverge from its qormal attitude. With the
SAS off, the pulse-induced oscillattons
continued for at least five to six cycles
befare slowly damping out.

Simulated Failure

In the simulator, T had experienced an
SAS failure while eruising on instruments
at Mach 3 and 80,008 ft. Chasing the nese
of the aireraft with the stick under these
circumstances resulted in a pilot-induced
oscillation that ultimately led to 90-deg.
nose pitch-up and loss of control of the
aircraft.

Because of the roduced pitch stability
margin at high speeds, a pitch boundary
indicator in the form of an index en the
left side of the indicator is incorporatzd in
the {ront cockpit. The same index is used
on many other aircraft to present raw
instrument landing system (ILS) glide-
slape data. The pitch boundary indicator is
controlled by both angle of attack and
pitch rate inputs. [a the event of stability
augmentation system malfunction, the
pitch boundary indicator and the pitch
stezring bar on the flight director artitude
indicator become the primary pitch refer-
ences. A stickshaker amd stickpusher are
also associated with the pitch control sys-
tem.

In the roll and yaw axes, surface limiter
switches are incorporated to prevent
excessive control travel.

Roll limits are applied at the stick itself,
while yaw controls are imposed at the
rudder servos. The surface limiters are
manually engaged through switches in the
cockpit that are turned on at 0.5 Mach
during acceleration.

Stability System

Decause of the pitch and vaw instabifi-
ties, the SR-71 is vquipped with an :.abo-
ratz three-uxis, gzight-chunnel stubilit
augmentation system that au‘umau"i.v
compensates for maay of the aircraft’s
natural instabilitios.

At the same titme, however, the SR-71 s
limited to a conservative bank angie even
with the SAS engaged. This can be
increased shightly with the autopilot
engaged. Until they have Jogged $0 br. in
the aircraf, SR-71 pilois are restricted to
stialiow bank angles.

After several minutos at 23,000 1, w
were cleared to continug our climb and
accelerate 10 Mach 3. Thomas advamee
e throttles into the afterburner range,
ard there was a sudden shght yaw o the
right as the afierbarners ignited asymaet-
rically again. Pulling the nose up about 10
deg., Thomas kept our speed at 0.9 Mach

Approved For Release 2011/09/27 :

3R-71 banks hard right at fow altitude over Beale AFB runway at the end of a low-aititudse,
gear-up pass down the runway. Daspite Hs size and weight, the SR-71 shaowed a surprising
agliity at low speed and low altitude in the landing pattern at Beale, even during single engine

approaches and go-arounds,

antl] we passed 30,000 fi., then adjusted
the aircraft attitude for a slow accelera-
tion to .95 Mach at 33,000 fi. Our rate of
climb at that point was over 6,000 fmn.
ecause the highest drag, and therefore

the greatest fuel consumption, is in the
rransonic regime, SR-71 crews try 1o gut
through it as quickly as possible by par-
forming a “dipsy™ maneuver., Just before
reaching 33,000 ft., Thomas pushed the
nose down slightly to pass through Mach |
and accelerate to 4530 kt. ar a stcady
descent rate of 2,500 fpm. He thea pulie
the pose up to continue the climb at 430
kt. as the Mach number slowly increased.

There was no sensation or unusual air-
eraft reaction as it passed through Mach
i

From this point on, Thomas was busy
monitoring the varions fuel, engine and
enging inlet systems used on the aircraft to
control its center of gravity, kesp the
engines running at maximum efficiency
and increase the thrust of the propulsion
system. o

The fuel system had pumped {uel aft
zutomatically during the acceleration o
supersontc speed to shift the center of
gravizy rearward in order 10 balance the
shift in aerodynamic forces. Because the
aircralt cannot be flown to its maximuem
cruise speed without complete control of
the center of gravity, two manual backup
systems are incorporated 1o accompiish
this function in case the automatic con-
trols do not work. Thomas seid, “More
often than not, we have to play with it.”

The SR-71 uses mixed comprossion,
axially symmetric inlets and a free-Boar-
ing exhaust pozzle sysiem to conirol air-
flow 1 and out of the engines. The func-
toning of these systems is such that a
turbo-ranijel phenomenan Gocurs in which
the inlets and exhaust rozzies produce
most of the thrust at cruise speeds.

At Mach 1.4, bypass doors around the

Cl|A-RDPS0B00170R000100050009-0

forward  portion of the engine nacelles
tegan automatically to modulate the fow
of air to the engine compressors. Forward
and aft bypass doors are located in {roat of
the compressors, with the forward doeors
spifiing inlet air cverboard when necessary
and the aft bypass doors venting excess
inlet air around the engine and into the
exhaust nozzie, where it produces more
thrust.

At Mach 1.7, Thomas selected the “A
positien for the aft bypass doors, opening
them slightly. Alse at Mach 1.7, the
“¢pikes”™ or cones protruding from the
center of the nacelies begin retracling into
the nocelles to control the shock wave that
forms in front of the engine compitssors
when the aircraft is at supersonic speeds.
The spikes move aft when the aircrafy
reaches its maximum cruise speed.

Shock Wave

Between them, the spikes and the for-
ward und aft bypass doors keep the shock
wave trapped inside the nacelle and ahead
of the compressor, allowing air to enter the
compressor at subsonic speeds.

At Mach 2-2.1, the varizble position
inlet guide vanes on the engines translate
from the axial to the cambered pesition to
maintain 3 conslant inlet pressure on the
campressor face. The pilor must engage a
lockout switch 2t that peint 10 prevent the
intet guide vanes from returning to the
axial position. Without the IGY shift,
speed 15 Hmited to about Mach 2.

At Much 2.6 and 430 KEAS, the auto-
pilet, if engaged, begins to follow an air-
speed bleed schedule that reduces eyuiva-
lent airspead by 1 Kt for each incremental
ingrease of Q.01 Mach.

By Mach 2.7, the a{t bypass doors in the
infels were nearly fully closed again to
meet the ram air requiremems of the
engines at that speed.

All of these steps have to be either

51



nlnmtored or accomplished manually by
e pilot. Given the rate at which the
¥R-71 accelerates, this means that the
pilot is extremely busy during the aceeler-
ation to crutse speed and the climb to
altitude. As wo pass 70,000 ft. at Mach
2.99, the SR-71's climb rate was stil]
above 1,000 fpm.

When the inlet and exbaust systems are
working properly. they produce up to 0%
of the SR-71's thrust at cruise speeds,

nia C0.s vice president of advanced devel-
opment projects {Skunk Works). Rich was
one of the designers of the SR-7} ond iis
vomplex prepulsion system.

High Altitude Performance

- “At high altitude, the engine becomes a
supercharged ramijet,” Rich said. “At
cruise speads, 60% of the thrust comes
from the inlets, which act as superchargers
in front of the engines. The engine is
simply an air inducer at that point.”

In the exhaust nozzle, Rich said, air
comes out of the turbojeis ar ssseatially
the same speed it went in. “We designed
the ejectors with coavergent/divergen
nozzles that reacceierate the air to as close
to cruise Mach as possible. The aircraft
gets 30% of its cruise thrust from the
gjectors. That means the engines are pro-
duciag only 10% of cruise thrust.”

Because of this, 2 malfunction or failure
in the inlet or exhaust systems has the
samne effect as the loss of an engine ¢n an
atrcraft with wing-mounted engices. Aa
inlet “‘unstart.” where the shock wave
becomes unstable and is expelled from an
iniet, is at least as dramatic as an engine
loss on any twin-engine airerafl.

Drag Increase

When one of the inlets malfunctions znd
the thrust it producss is lost, there is ao
immediate sharp increase in drag that
causes the aircralt to yaw brisikdy in ths
direction of the malfum.namng inlet. [ had
experiznced 2n unstart in the SR-71 simu-
i lator, but thers ihe sudden yaw was
.. . restrained to a mild “kick” by the simula-
) tor. Jo the aircraft. however, the reaction
can he severe enough to dash the crew’s
helmets against the canopy with coasider-
able force.

Although the SAS and avtopilot take
care of the immediate need to apply cor-
rective control inputs, an unstac is suil a
iwo-page emergency checklist event in the
prioc’s handbook because of the large
number of subsystems that can cause an
unsiart.

Recovery must be made fairly guickly
io avoid having 1o descend from altitude
and abert the aussion. Provisions are
inchuded in the pru; ulsian control system
for a sympathetic unstart and restart of
ihe other eng-lu: o restore symmetiy 1o
the airraft’s Aipht controls.

Durtag our acceleration and climb, a
fow rumble or buzzirg d...vclopcd ..;'ound
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acrording to Ben Rich, Lockieed-Caiifor- -

Air Force technicians from the &

th Strategic Reconnaissance Wing's Physiotogical Support

Div. assist Ropelewski in connecting his prassura suit Inside the rear cockpit.

the airframe. Thomas said it suggested the
enset of an inlet unstart, and he sugges "“’d
bracing for such an event. There wa

huowever, no indication on the procu}s on
system instrunents of a maifunciion, and
the buzzing subsided after !-2 min. Rich
suggested that the buzzing was caused by
the boundary layer separating and reat-
taching in one of the inlets, which some-
times happens between Mach 2.2 and

Shortly after this, we leveled off just
above 80,000 ft. and at a speed slightly in
excess of Mach 3, with an airspeed of
around 330 KEAS. Thomas brought the
throttles back to the minimum afterburner
range, where they remained for the cruise
portion of our flight.

The ceater of gravity at this pont was
at 25% mean aerodynemic chord, com-
pared with 197% at subsonic speed. The cg.
shift was accomplished automatically dur-
ing the cliinb aad acceleration phase.

At our cruise altitude, the curvature of
the Earth was readily apparent. and the
sky above was a very dark blue. Despite
the thin air, thers was encugh friction ca
the aircraft to generate a substantial
amount of heat

Surface temperatures range from 430 to

L200OF at various spots en the aircralts
exterior during prolonged flight at Mach
3. Around the cockpit itself, the tempera-
ture reaches about 530F. This heat could
be felt through the parrow windows af the
rear cockpit, even while wearing the cela-
tively thick pressure suit gloves. Tempera-
tures on the wing and fuselage skin that
forms the outer wall of the Jircra!‘ s !'unl

the cockpit, and a nitrogen inerting systermn
is nsed to reduce the possibility of fire in
the tanks. The nitrogen is injected directly
into the fuel cells from Dewars carriad
inside the aireraft.

While the sensatiog of ypeed is general-
Iy lacking in most high-fiving jot aircraft,
the cruise speed of the SR-71 is such that
its rapid movement was apparent even
from 8§0.000 fi. when judged by the broken
cloud luver 50,000-60,000 ft. below us.
Groundspeed at that poiat was above 30
oit./mia. Thoiras had engaged the autopi-
lot when we began our climb out of 25,000
ft., and that, coupled with the astro-
navigation system, held us n.kr\cly 10 our
preplanned course,

Accuracy Checks

Within its capabilities, the system
checks its uwn accuracy and displays the
deviation from course in one of the win-
dows of the ANS control head in the rear
cockpit. The deviation is preseated in
tenths of 2 mile right or laft of course.
Excert when the aircralt was being hand
flown. the course error window generaily
showed all zervs. In the front cockpit,
course deviations are indicated by defec-
tions of the course deviation bar on the
attitude dirvctor indicator, Full deflection
of the bar either right or left indicates the
aircraft is 1 mi. off course.

“We start to get nervous when we're
just a lirtle off course.” Thomuas said. “The
ANS gererally flies the black line,” he
added, referring to the system’s ability to
navigate accurately a course drawn with a
black {ing on a map.

Thomas and other SR-71 ¢rewmembers
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$310 1T 15 POSSITIC L0 gel lost quickly al
Mach 3, and so careful attention is paid to
the aireraft’s position throughout each
flight.

Fuel requirements are a major {actor in
mission planning and are based on the
assumption that the airceafr will follow the
designated course. There is little margin
for error. Thus, even when petting lost is
not a consideration, any deviations from
the planned course can add significantly to
fuel copsumption and Jeopardm the suc-
cessful complcuon of the mission.

Flight Plan

Pilot and RS0 in the SR-71 both carry
& detailed Right plan for each mission that
lists normal flight planning information
such 2s en route times and estimated
arrival times over en routs navigation fizes
as well as specifis bank angles to be pred
and the schedule for the operation of the
various reconnaissance systems on the air-
craft. The RSO monitors all of these and
checks them against the ostimated en
rouie and arrival times, waypoiat informa-
tion, groundspeed and course deviation
indications provided by the astro-inertial
navigation system. All times on the plan
are listed in minutes and seconds.

Other factors besides course deviation
can affect fuel consumption, and the
crew’s monitoring functicn is continuous,
The inlet spike for cach engine, for exam-
piz, s conirolled automatically by an air
data computer acecording to the aircrait’s
speed. If the spikes are as little as ong-haif
. out of pusition for a given speed, fuel
flow could increase significantly cnough to
recessitate aborting the mission. Spike
position indicators in the front cockpit are
monitored by the pilot throughout the
flight, and the spikes can be positioned
manually by the pilot if the automatic
systzm malfunctions.

Likewise, center of gravity control is
also crivical to fuel efficiency in ths
SR-71. Rather than using the elevons to
trim the delta-wing aircraft, fuel is
pumped forward or aft to shift the center
of gravity, allowing the clevons to be kept
in a minimum drag position. A 1% error in
center of gravity location from the opti-
mum can resull in a mission abor for low
{uel, Thomas said.

“It's teaily incumbent on ihe pilot o
take a great deal of care in bow the
aircraft is fown,” he said.

As wé passed to the south of Boise,
ldzho, the zicoraft banked to the left in a
programied 1R0-deg. turn that took us to
the east and then to the porth of the city
bafore the turn was completed. At Mach
3, the SK-71 does not ture verv gaickly,
and ai a bank angle of 30 deg., our
180-deg. turn described a semicirele
around Boise with a diameter of about 170
mi,

The turn iook Jorg encugh to allow me
to semple the specially packaged foods
carried by SR-71 erews on extended mis-
stons, A sofr plastic botrle with water, a

RDPS0B00170R000100050009-0

wne of apple sauce and a tube of pureed
peaches had bewn stowed in the rear cock-
pit before the fight. A special cap with a
relatively thick plastic straw comes with
each tube, and the water bottle also has an
integral plastic straw in the cap.

These straws arc inserted through 2
smali hole at the base of the pressure suil
heimet, then pushed into the mouth. The
waler botiie or the tubes are then squeezed
to take nourishment. The technique
worked well enough, although the system
does not make provisions for inserting &
napkin w0 wipe the peach residue off the
crewroember's chin and off the inside of
his mask. The hole at the base of the
heimet was seclf-sealing once the straws
were removed.

Shortly after the aircraft completed the-
turn and was heading back toward the
west, Thomas retarded the throttles to
military power from the minirmum afies-
burner \;n}sition and we began a descent.
Engine and inlet limitatioas at bigh spesd
and high altitude are such that the SR-71
has 2 very narrow descent ““throat™
through which it must be fiown when
leaving cruise altitude. The engines are
kept at military power—maximum power
without afterburners—~and airspeed is
kept at 350 kt. minimum to avoid inlet
disturbances,

“The throttie schedule is locked in once
we start our descent,” Thomas said.
“Mach 1.3 is the first point in our descent
aad deceleration where we can do any-
thing to adjust the descent profile”

Pescent Hate

The descent/deceleration profile began
moderately with a descent rate of about
400 fpra. and 2 slight deceleration rate.

- QOur speed was still at Mach 2.5 at 70,000

ft. and Mach 2 at 60,000 ft. Because the
precise altitude capabilities of the SR.71
are still held secret, common procedure for
Air Force crews is 1o tum off the Mode C
attitude reporting function of the aircraft’s
teansponder above 60,000 ft. § had done
this on our climb to altitude, and converse-
ly. turned it back on again as we
descended below that altitude on .owr
return. The rate of descent had reached
3,500 fpm. by 60,000 ft. and was at 5,000
fpm. when we passed theough 50,000 ft. at
about Mach 1.6

At around 31,000 ft., the azircraft’s
spoed dropped below Mach 1, and the nose
pitched wp siightly from a’ 15-deg. nose-
dowd attitude to about 5 deg. nose down.
Qur equivalent airspeed at that point was
stitl about 363 kt.

Throughout the descent, Thomas had
been mwoaitoring center of gravity, inlet
spike ond bypass door movemems, and
engine behavior in approximately the
reverse order {rom oor carlier climb and
acceleration. Onge we had slowed 1o sub-
sonic specd. the workload decreased and it
was possibic o fly the SR-71 more like a
conventional aireraft.

With the autopilot still engaged, T
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133 Tested 'b“is“h Aths Pod

USAF/McDonneil Douglas F-158B Eagle fightar equipped with a

¥Mariin Marietla Automatic

Louis before going to Edwards AFB, Cahi.

racking Laser Hlumination System (Allis
21 pod (arrow) is shown during 2 series of airworthinass flights at St.
i3> begin a2 15-month
fight test program of 152 fiights. During development tesling of the

Integratad Flight Fira Control {iFFC)/Firefly 3 program, the F-158
was scheduled to make 10 airworthiness fiights at St. Louis, During
testing, air-to-alr weaponry will be fired at simulated targets while
the F-15B mansuvers at high ofiset angles. Large shape benesth
aircraft is a centerline-mounted external fusi tank.

i

vlected waypoint No. {0 in the ANS--
b

¢ coordinates for Beale AFB—and
ushed the “direct stesr” buiton on the
\\S control head.
Th
3‘“7

e+ e

e aircraft turned from its westerly

¢ing to 2 more sontherly one, ’n:admo
ectly toward Beale, which was stili
cur 80 mi. away, Had Thomas been
ing manually, he could have followed
ANS-gencrated flight director steering
commands on his attitude director indica-
tor to establish the proper heading for the
return to Beale.

Wkiie passing through z layer of broken
clouds between 15,000 and 10,000 fi. dur-
ing our descent, some light turbulence was
encountered that demonstrated the struc-
tursl fexibitity of the SR-71.

The center of gravity of the aircraft is
located in the same general focation as
that of the landing gear. roughly at the
midpeint of the atreraft’s 107.4-ft. overall
gth. The cockpit is approximately 50 ft.
froot of ihis.

.
ta
4
in

Light Yurbulence

fn hight turbulence, thc effect In the
t was like sitting a3t the end of 2
g hoard, bounding 1.p and down sever-
mes duriag each patch of turbulence.
as nor particularly uncomforiable
| crews bave seen si ignificantly more
inced eseiflations in more severe tur-
azcurding to Thomas.

im the landing paitern 2t Beals,
SR.TY behaved ke a conveational
1. 2nd even showed a surprising gase
inz that belied it m1ze.

nmas flew 2 1131,1 patiern fo an initial
253, 28 Approach ind go-arouad with
vlated engine failire, 3 touch-and-go
- and a final landing. Airspeed was

kzpr arcund 250 kt. in the patiern, slowing
to 180 kt. oa final.

For the engine-out demonstration,
Thomas brought the rght ¢ngine to idle
There was httle yaw associated with the
loss of thrust on the right wing because the
srability ‘ugm:.mdlien system aatornati-
colly applied corrective rudder inputs. The
leit wing was also Jowered about 10 deg. to
minimize dra.g.

The aircraft was much lighter now, and
less than military power was needed on the
2ft engine to maintain speed and altitude
in the pattern.

Far the go-around in this condition, the
Izft afterburner was selected at about 360
fi., necessitating a steeper left bank of
about 20 deg. to maintain our track down
the runway.

The SAS again took care of corrective
rudder inputs, and Thomas kept his feet
on the cockpit floor during the climbout
and downwind turn.

A conveniional touch-and-go and then a
finai landing followed. Although the long
fuseiage and large rudders of the SR-7T!
can pose some difficulties in high cross-
winds, crewmoembers said the aireraft is
oot generally a difticult one to land. Our
wwn landings appeared to be fairly roo.
tine.

A nose-up atiitude of about § dcg was
¢id on the downwind leg, incrensing to 9
eg. on hase, 10 dey. on finai and ahm.: 12
fug. f or touchdown. Forward and periph-
al visibility remains good throughout the

fanding. Bmh wur mud' -and- g.: ard fa.!i-
stop lunding were exceptionaily smooth.

Once we were on the ground, Thomas
deploved the drag chute that is towed in
the upper rear fusclage between the
canted rudders. This provides an approxi-
mate 0.5 g deceleration force, and brought
us forward slizghtly in our seats. The chute
must be released from the aircraft before
slowing below 60 kt. in order to avoid
getring 1t tangled in the rudders. This was
done, and we slowed to taxi speed with 2
considerable 2mount of runway remain-
ing.

Qur total flight time was 1.4 hr., during
which we coversd about 1,800 mi. as well
as four circuits of the landing pattern.

From the pilot’s point of view, there is 2
glaring paradox in the SR-71 in terms of
the late 1930s/early 1960s technology
used in the cockpit to manage a system
whose petformance is still considered
advanced in the early 1980s, ’

Improvement Programs

Recognizing this, the Air Force has
several improvement programs under way
to modermze flight controls and systems in
the aireraft. with the aim of improving
reliability and thercby reducing cockpit
workload for SR-71 erewmembers.

One of the main improvements wilt be a
digital automaiic flight and ialet control
system that is being flight tested and is
expected to appear on operational SR-71s
in August.

The new system will integrate the func-
tions of several separate oider units,
inctuding the present clder-penaration
central air data computer. anaiog air inlet
compuers that control the spikes and for-
ward bypass doors, the prusent autopilot,
stability augaientation system and auto-
matic pich warning system. OO
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